The analytical procedure consisted of an extraction of the crude material with benzene, followed by a series of chromatographic fractionations on activated alumina. The Bp content of the chromatographic fractions was determined by means of their fluorescence spectra.
Extraction.-Finely ground samples of soot and fuel combustion residue (for amounts used consult tables 2 and 3) were extracted for 2 hours with boiling benzene in a flask attached to a reflux condenser. The extract was filtered through glass wool which had been freed from some fluorescent material by washing with benzene. The extraction was repeated with successive lots of the solvent until the extracts became nonfluorescent or almost nonfluorescent. The combined extracts were evaporated, under reduced pressure at ca. 60°0., to about 50 ml. Oigarette and cigar ends and their ashes were dried at 100°O. for about 8 hours in an electric drying apparatus and then extracted by the above procedure. The extracts of the fuels were almost colorless; all other extracts were dark brown.
Ghromatography.-The condensed extract was passed through a small column of activated alumina. The column dimensions were 2.5 X 5 em. in most cases. Somewhat larger columns were required when the benzene extract contained considerable amounts of solute. The size of the column was adjusted so that the filtrate was yellow or light brown. A darkbrown filtrate indicated that the column used was too smalL The column was washed with about 300 mL or more of benzene until the filtrate became almost colorless and the fluorescence of the filtrate observed in ultraviolet light very weak. A large portion of the acid and alkaline substances and certain high molecular hydrocarbons were thus retained near the top of the column, while Bp was readily eluted. The filtrate was evaporated under reduced pressure at 50 to 60°C., and the oily residue was extracted with 5 to 6 successive lots of boiling petroleum ether. The last extract was colorless and only faintly fluorescent in ultraviolet light. The combined extracts were pale straw-colored and strongly blue fluorescent solutions. They were concentrated to a small volume and then rechromatographed on activated alumina. Columns measuring 1.2 X 10 cm. were used in most cases; columns measuring 1.5 X 15 cm., in the case of tobacco tar. After the petroleum-ether extract was placed on the column and before elution was started, the solute did not occupy more than about one fifth of the length of the column. The chromatogram was developed with petroleum ether, until the eluate became almost nonfluorescent. Then the development was continued with petroleum ether containing 30 percent benzene. Inspection of the column in ultraviolet light revealed the presence of a number of differently colored, fluorescent or nonfluorescent zones-moving fast, slowly, or not at alL Any Bp present is usually associated with a moderately fast-moving yellow fluorescent zone bordered on both sides by purplish-blue fluorescent zones. Sometimes, however, the yellow Again a large number of eluate fractions, ca. 15 ml. each, were collected. The fractions in which the presence of Bp could be suspected were combined and evaporated. The two fractions collected immediately before and the two fractions collected immediately after the collection of the fractions suspected of containing Bp were evaporated separately. The residues from all three fractions were dissolved in a known amount of petroleum ether and examined fluorospectroscopically. The amount of petroleum ether used depended on the intensity of fluorescence. Fifty ml. were used for fractions from coal and wood soots containing much Bp and 3 to 5 ml. for fractions containing relatively little Bp, e.g., those obtained from tobacco products. Fractions in which the detection of the fluorescence spectrum of Bp was hindered through the presence of an overlapping, broad, diffuse fluorescence band were once more chromatographed in the same manner as before but a somewhat longer column was used. An extraction with cold concentrated H 2S04 , as suggested by Berenblum, rarely yielded satisfactory results.
Fluorospectroscopy.-A quartz test tube (inside diameter: 8 mm.) containing the petroleum-ether solution was placed at a distance of 5 mm. from the slit of a quartz spectroscope. The solution was illuminated at a 90°angle by an ultraviolet-light beam (3300-3900 A) from a mercury arc lamp. Eight to nine fluorescence spectra were recorded on each plate, together with the fluorescence spectrum of a solution of pure Bp, and an iron spark spectrum which serves to measure exactly the wavelengths of the various fluorescence bands. A 0.075 mm. slit-width and 30-minute exposures were used. The exposure time for the iron spark was 3 seconds. Although Schoental and Scott (11) showed that the fluorescence spectrum of Bp consists of 7 bands, only 6 of them, viz., those at 4032, 4082, 4149, 4272, 4310, and 4367 A, appeared on the plates when Bp was used at a level of 1 p,g. per ml. At lower levels all these bands gradually faded; at a level of 0.31 p,g. only the 4032, 4082, and 4272 A bands appeared distinctly; at a level of 0.16 p,g. per ml. only the 4032 A band appeared distinctly, the 4272 A band weakly, and the 4082 A band very weakly; and at a level of 0.08 p,g. per ml. only the 4032 A band could barely be detected.
In order to estimate the Bp content of the various solutions, the intensities of the fluorescence bands were visually compared with those of a series of standard solutions containing from 0.08 to 1.5 ug. Bp per ml. Absorption. 8pectrophotometry.-Whenever the identification of Bp by means of fluorospectroscopy alone was uncertain, the absorption spectrum in the ultraviolet range was examined with ethyl ether as solvent. Text- figure 2 shows the absorption spectrum of an eluate from coal soot, together with the spectrum of pure Bp. It can be seen that all absorption peaks of Bp also appear in the spectrum of the eluate. 
Results

Analysis oj Combustion Products Soot oj Ooat and Gasoline
In 2 samples of coal soot of different origin, 5.6 and 1.2 mg. Bp per 100 gm. of soot were found (table 2). In 3 out of 5 samples of combustion material of gasoline small amounts of Bp, ranging from 9 to 140 p,g. per 100 gm. were found (table 3) . b) Oharred material from biscuit8 and from broiled 8ardine8.-That small amounts of Bp can be formed during a baking process is demonstrated by the fact that 7.2 and 1.1 p,g. Bp were found in 100 gm. of charred matter from biscuits. On the other hand, no Bp was found in the scorches from broiled sardine.
c) Oharcoal briquette8.-The analyzed oak charcoal briquettes contained 25 p,g. of Bp per 100 gm., while Bp could not be detected in the pine charcoal briquettes (table 4).
Mi8cellaneou8 Fuel8
Gara was found to contain 9 p,g. Bp per 100 gm. Only traces of Bp (less than 0.1 p,g./100 gm.) were present in Mametan (table 4) . In the smoke of 400 cigarettes of brand B no Bp could be detected, while the combined ashes and ends contained 5.1 p,g. Bp (2.8 p,g'/100 gm. of cigarette ends and ashes) (table 5, expt. 3).
In two additional experiments with two different batches of brand B cigarettes, the leaves and the paper of the cigarette ends were examined separately. Again Bp could not be detected in the smoke. In the ash, the paper, and the leaves only minimal traces of Bp were found. Only the strong fluorescence band at 4032 Acould be seen on the photographic plates (table 5, expts. 4 and 5).
The analysis of 50 cigars weighing 7.5 gm. each (therefore equivalent to 400 cigarettes of brand B weighing 0.9 gm, each) showed that the ashes Vol. 16, No.6, Juee 1956 contained 0.4 jJ.g. Bp and the cigar ends 1.5 jJ.g. Bp was not found in the smoke.
Precision of Analytical Procedures
In order to determine the precision of the analytical procedure used, 4 identical samples of wood soot, each weighing 2.5 gm. were analyzed according to the described method, and 67, 99, 99, and 103 jJ.g. Bp were found. The coefficient of variation was therefore 17 percent.
Discussion
Soots
Goulden and Tipler (1) detected Bp in domestic soot, Waller (9) and Cooper (10) found Bp in town air contaminated with soot. Furthermore, Waller (9) and Kotin et al. (5, 6) found Bp in gasoline and diesel-engine exhaust gases. The presence of Bp in the black deposit on gasolineengine pistons confirms the findings of these authors.
The present investigation shows that soots produced by the combustion of wood contain almost as much Bp as coal soot. In this connection the observation of Sulman and Sulman (12) that wood soot obtained from the chimney of a smoked-sausage factory elicited cancers, when applied to the skin of rats and mice, is of interest.
As all the soots which are produced by combustion of domestic fuels and gasoline and which are emitted freely into the air contain Bp, they might be regarded as one of the factors probably responsible for the production of human lung cancer. Furthermore, the fact that some Japanese domestic fuels contain a small amount of Bp prior to their combustion suggests that the dusts of these fuels present a cancer hazard, particularly to workers in fuel factories.
Scorches of Wheat Flour and Dextrin
The biscuits used in the present investigation were heated in such a manner that direct contact with the gas flame, a possible source of traces of Bp, was avoided. Thus, the Bp discovered in the scorches must have been produced by the heating process and not by contamination. As it is customary for Japanese people to eat such scorched foods, the presence of Bp in them is of practical interest. It may have a causative relationship to the formation of certain tumors of the gastrointestinal tract. Waterman (13) produced stomach tumors in animals by feeding a diet containing Bp. Rusch et al. (14) and Stewart and Lorenz (15) elicited tumors in animals by injecting Bp under the mucous membrane of the stomach of mice. Although in these experiments considerably higher doses of Bp than those found in the charred parts of biscuits were used, it is conceivable that the persistent administration of small amounts of Bp may also be able to induce stomach tumors. This question requires further investigation.
Tobacco
Attempts have been made by several authors to detect some carcinogenic hydrocarbon, particularly Bp, in tobacco tar. While most of these attempts remained unsuccessful, minimal traces of Bp were detected by some investigators (7, 8) .
Since, in all the experiments carried out in this study, Bp was detected in cigarette and cigar ends as well as in the ashes, while no Bp was detectable in the smoke, it appears likely that the tobacco of the cigarette and cigar ends acts as a natural filter tip that retains Bp among other ingredients of the smoke. In order to investigate this question further the following experiments were carried out:
Known amounts of Bp (0.094, 4.8, and 15.0 JLg., dissolved in 0.1 mI. petroleum ether) were injected into cigarettes of brand B within 2 cm. from the burning end. Then the injected cigarettes were smoked in the machine in the usual manner and the combustion products analyzed. After injection of 15 JLg. Bp per cigarette (40 cigarettes), 45 percent of the total injected amount of Bp was recovered from the smoke, 8.4 percent from the leaves of the cigarette ends, and much smaller amounts from the paper and the ash (table 6, expt. 1)~In 2 experiments in which 4.8 JLg. Bp per cigarette were injected into 50 cigarettes, 14 and 28 percent, respectively, were recovered fPom the smoke, 8 and 9 percent from the leaves and considerably smaller amounts from the paper and the ash. (table 6, expts. 2 and 3). In 2 additional experiments in which only 0.094 JLg. Bp per cigarette was injected into 100 cigarettes, only 3.7 percent was recovered from the smoke, 22 and 8.5 percent, respectively, from the leaves, 4 and 5.3 percent from the paper and about 1 percent from the ash.
It can be seen that the amounts of Bp in the smoke are roughly proportional to the amounts of Bp previously injected into the cigarettes. On the other hand, the percentages of Bp adsorbed by the leaves of cigarette ends are independent of the amounts of Bp injected. The percentages of Bp found in the cigarette paper and in the ashes appear to be inversely proportional to the amount of Bp injected. However, this latter finding might be subject to a considerable experimental error on account of the very small quantities of Bp contained in the paper and the ashes.
From the analysis of the combustion products of cigarettes and cigars it can be concluded that small amounts of Bp are produced by smoking, but that only a very small part of the Bp thus formed appears in the inhaled smoke. This is apparently at least partly due to the adsorption of of Bp within the cigarette and cigar ends. It may also be partly due to an escape of Bp with the uninhaled part of the smoke or to its destruction in or near the burning zone, through chemical processes taking place.
Since Bp was detected in the combustion products of cigars as well as cigarettes, it may be concluded that the cigarette paper is not essential for production of Bp. It has been suggested in recent publications (16, 17) that it may be mainly the cigarette paper that is responsible for the frequent occurrence of lung cancer among heavy smokers. This theory is not supported by the results of the present investigation, although more analytical data are necessary for an accurate evaluation of this problem. Table 1 shows that the conditions related to the operation of a smoking machine are not identical with those usually prevailing in actual smoking by humans. The amount of air drawn in during each puff is higher and the duration of each puff longer in actual smoking than in the laboratory experiments presented in this paper. On the other hand, the rate of puffing is no doubt much higher in the experimental setup. The temperature within the burning cigarette or cigar depends not only on the puffing rate but also in a large measure on the degree of ventilation. As the amount of Bp and of other polynuclear aromatic compounds formed pyrogenetically depends largely on the temperature maintained during the burning process, it is evident that the small amounts of Bp found in the laboratory experiments do not necessarily indicate that Bp must also be present in the combustion products formed during the normal smoking of cigarettes and cigars. The matter is further complicated by the fact that the manner of smoking varies greatly from individual to individual.
Summary and Conclusions
Soots of coal and wood, combustion products of gasoline obtained from gasoline engines, charred material from biscuits, charcoal briquettes, and some Japanese domestic fuels were found to contain benzo[a]pyrene (Bp). A small amount of Bp was also detected in the ends and ashes of cigarettes and cigars, while no Bp could be found in the smoke.
A large part of the Bp produced by smoking is adsorbed by the cigarette ends when passing through them.
